The increasing recognition of the complement system's association with diseases of the inflammatory spectrum and with biomaterial and transplant-related complications has generated growing interest in the therapeutic modulation of this innate immune cascade. As a central functional hub that largely drives the activation, amplification, and effector generation of the complement response, the plasma protein C3 has long been recognized as an attractive target. While pharmacological modulation of C3 activation may offer a powerful opportunity to interfere with or even prevent complement-driven pathologies, the development of C3 inhibitors has often been accompanied by concerns regarding the safety and feasibility of this approach. Although no C3-targeted inhibitors have thus far been approved for clinical use, several promising concepts and candidates have emerged in recent years. At the same time, experiences from preclinical development and clinical trials are slowly providing a more detailed picture of therapeutic complement inhibition at the level of C3. This review highlights the current therapeutic strategies to control C3 activation and discusses the possibilities and challenges on the road to bringing C3-targeted therapeutics to the clinic.
From guardian to "bull in a china shop"
The complement system is typically viewed as a "first responder" that protects us from microbial intruders and prevents accumulation of harmful debris . However, the defining ability of complement to instantaneously recognize non-self and altered surfaces also presents one of its biggest vulnerabilities, which may turn this defense system into a burden, or even a threat Ricklin and Lambris, 2013a,b,c) . For example, exposure of our bodies to implants, extracorporeal circuits, or drug delivery vehicles can induce an adverse complement response by the foreign material . Complement-mediated inflammation is also a major complication in transplantation medicine, contributing to rejection or limited graft function (Sacks and Zhou, 2012) . Although our cells are normally protected from complement attack, any type of tissue damage resulting from trauma, infection, or other insult can potentially trigger the complement cascade via damage-associated molecular patterns. Even worse, complement effector molecules can cause additional tissue damage and create an inflammatory milieu that fuels a vicious cycle in which complement suddenly acts like a bull in a china shop. Deficiencies and polymorphisms in complement components can further exacerbate such inflammatory reactions or contribute to autoimmune diseases. Finally, even small functional changes in the balance of complement activation and regulation can contribute to age-related diseases (Ricklin and Lambris, 2013a,b,c) .
This strong disease involvement, often at the early stages of pathophysiological processes, has rendered complement an attractive target for pharmacological intervention (Ricklin and Lambris, 2013a,b,c) . Although the arsenal of complement-targeted drugs has remained limited thus far, clinical experience with C1 inhibitor (e.g., Cinryze, Shire) and an anti-C5 antibody eculizumab (Soliris, Alexion) have provided important insights into the efficacy and versatility of this approach. However, it has also become evident that not all pathologies will benefit equally from the available options, and a broadening of targets and inhibitors needs to be achieved. Among the many potential targets within the cascade, the central complement component C3 is of particular interest because it is often the driving force behind complement-mediated damage. Although the development of C3-targeted inhibitors has faced challenges and is often accompanied by discussions about safety and feasibility, enormous progress has been achieved in recent years. The following paragraphs briefly discuss the important concepts, chances, and challenges of the modulation of C3 activation and highlight approaches currently in clinical development.
Aiming for the center: the promise of therapeutic C3 inhibition
The central position of C3 in the complement activation process renders this plasma protein a highly attractive target for therapeutic complement inhibition (Fig. 1A) (Ricklin, 2012; Ricklin and Lambris, 2013a,b,c) . Initiation of the complement response by any activation route, i.e., the classical, lectin, and/or alternative pathway (CP, LP and AP, respectively), leads to the formation of C3 convertases on the surface of the recognized cell or material. Despite their distinct composition, all convertases bind and activate C3 to generate the opsonic fragment C3b and the anaphylatoxin C3a. In the immediate proximity of the site of activation, C3b is covalently deposited on the surface and can bind complement factor B (FB) to form a pro-convertase (C3bB). Factor D (FD) transforms this complex into the final AP C3 convertase (C3bBb), which can in turn activate additional C3 (Fig. 1B) . This amplification of C3 activation via the AP often fuels the overall complement response, independent of the initial trigger (Harboe et al., 2009; Harboe et al., 2004) . Increasing C3b deposition is a prerequisite for the generation of C5 convertases that cleave C5 into the inflammatory mediator C5a and into C5b, which initiates the formation of membrane attack complexes (MAC) that can induce lysis or cell damage (Fig. 1A) .
In order to protect self-cells from complement attack, this detrimental C3 activation cycle is carefully controlled by the C3b breakdown cycle, which destabilizes the convertase and degrades C3b into fragments that can no longer participate in convertase amplification (Fig. 1B) (Lachmann, 2009; Ricklin, 2012; Ricklin et al., 2010) . It should be noted, however, that the resulting fragments (iC3b, C3dg) still play important roles in mediating phagocytosis and/or stimulating adaptive immune responses.
In most complement-mediated pathologies, the balance between C3 activation and C3b breakdown directly determines the progression of adverse responses and controls the generation of almost all effector molecules. As compared to inhibition at the level of C1 or C5, which leave C3b opsonization and amplification via the AP intact, therapeutic inhibition at the level of C3 promises a more comprehensive control of complement activation. Although it is expected that the broad inhibitory effect of C3-targeted drugs would render them effective in almost all complement-mediated conditions, there are several indications that are particularly interesting and some that are challenging to manage with the existing options in the clinic. Among the most suitable conditions are pathologies that are largely driven by aberrant C3 activation, such as C3 glomerulopathies (C3G) including dense deposit disease (DDD), as well as conditions with complex and broad complement involvement, such as age-related macular degeneration (AMD) (Ricklin and Lambris, 2013a,b,c) . Even in diseases with an established efficacy of the standard treatment, such as paroxysmal nocturnal hemoglobinuria (PNH), C3-targeted approaches may provide benefits for affected patients (Mastellos et al., 2014) . While the advantages of distinct therapeutic strategies need to be evaluated for each individual disease, the availability of a diverse palette of complement inhibitors is important for the clinic in any case.
Therapeutic concepts to control C3 activation
Over the past few years, a series of creative and promising therapeutic concepts have emerged that aim to control the activation of C3 at different levels (Fig. 1C) . Although initial C3 activation can also be prevented by compounds acting on the CP and LP (Ricklin and Lambris, 2013a,b,c) , thereby controlling the CP/LP convertase, this review primarily focuses on approaches acting on C3 itself, on its fragments, or on the AP C3 convertase.
Inhibition of native C3
Despite being the centerpiece of the complement activation machinery, native C3 has proven to be a difficult target for pharmacological targeting. In contrast to C5, in which an antibody binding to the native state (i.e., eculizumab) has proved highly successful, therapeutic antibodies against C3 typically bind to its activated form, C3b, and mainly control convertase formation (see below).
The compstatin family of peptidic C3 inhibitors is the rare exception among the therapeutics that act on native C3 and prevent its activation. Compstatin was discovered as a cyclic peptide of 13 amino acids that blocks convertase-mediated activation of C3 by all pathways (Sahu et al., 1996) . Thereby, compstatin also inhibits the amplification of the response and prevents downstream formation of complement effectors. Structural studies have revealed that compstatin binds to a shallow pocket in the ␤-chain of C3 and C3b, which appears to be critical for the binding of C3 to the convertase Mastellos et al., 2015; Rooijakkers et al., 2009) . It should be noted that compstatin and its analogs neither prevent direct cleavage of C3 by proteases such as thrombin nor the "activation" of C3 into C3(H 2 O) via spontaneous hydrolysis; also, deposition of C4b via the CP/LP remains intact (Mastellos et al., 2015; Ricklin and Lambris, 2008) . The optimization of compstatin led to analogs with largely improved efficacy, stability, and pharmacodynamic properties.
Despite their species specificity for human and non-human primate (NHP) C3, compstatin derivatives have been evaluated in a broad spectrum of disease models (Mastellos et al., 2015; Ricklin and Lambris, 2008 ). An early compstatin analog built the basis for the clinical candidate POT-4 (Potentia Pharmaceuticals), which has been developed for the treatment of AMD. After successful phase 1 studies indicating efficacy after intravitreal injection (ClinicalTrials.gov NCT00473928), phase 2 clinical trials did not corroborate efficacy; however, much lower dose ranges were used in The complement response as a driver of clinical conditions. On a diseased cell surface, damage-associated molecular patterns (DAMPs) and/or (auto) antibodies may trigger complement activation via binding of pattern recognition receptors of the classical (CP) and lectin pathways (LP) or through probing via the tick-over mechanisms of the alternative pathway (AP). The formation of convertases leads to the cleavage of C3 and deposition of C3b, which forms additional convertases and amplifies the response via the AP. C3b deposition also enables the formation of C5 convertases, thereby leading to the generation of membrane attack complexes (MAC) and the inflammatory effector C5a, which can exacerbate tissue damage and fuel an additional complement response. This process is counteracted by regulators of complement activation (RCA) that act on the C3 convertase and mediate the degradation of C3b by factor I (FI), generating opsonin fragments with distinct biological activities. (B) A molecular view of C3 activation and its regulation. Initial deposition of C3b by any route allows the binding of factor B (FB) and formation of the AP C3 convertase after cleavage by factor D (FD). C3 likely binds to the assembled convertase through a dimerization site, thereby enabling the removal of C3a and the generation of additional C3b that can participate in convertase formation. Binding of RCAs to C3bBb leads to accelerated decay of the convertase by competitive removal of Bb and provides a platform for the binding of FI to mediate the cleavage of C3b to iC3b and C3dg. (C) The various concepts to therapeutically control activation of C3. Whereas antibodies against C3b or FB prevent the formation of the pro-convertase (1, 2), mAb-or small molecule-based inhibitors of FD block the conversion to the active convertase (3, 4). C3 inhibitors of the compstatin family protect native C3 by preventing its binding to and cleavage by C3 convertases (5). C3 may also be depleted via cleavage by cobra venom factor or anti-C3 proteases (6, 7). The breakdown of the convertase and C3b can be therapeutically enhanced by adding recombinant FI (8) or by providing purified, recombinant and/or engineered RCA (9). Surfaces may also be coated by entities that recruit factor H (FH) from the circulation (10) or by tethered RCA constructs (11). In panels B and C, the structural figures have been prepared using the crystal structures of C3 (PDB 2A73) (Janssen et al., 2005) , C3a (PDB 4HW5) (Bajic et al., 2013) , C3b (PDB 2I07) (Janssen et al., 2006) , C3d (PDB 1C3D) (Nagar et al., 1998) , FB (PDB 2OK5) (Milder et al., 2007) , FI (PDB 2XRC) (Roversi et al., 2011) , C3bBD (PDB 2XWB) (Forneris et al., 2010) , C3b2Bb2SCIN2 (PDB 2WIN) (Rooijakkers et al., 2009) , and C3b/FH1-4 (PDB 2WII) . The complex between C3b, FH1-4, and FI was prepared according to published instructions (Roversi et al., 2011) . The hypothetical structure of full-length FH in panel C was composed from multiple copies of FH1-4 derived from the C3b/FH1-4 complex. these studies (ClinicalTrials.gov NCT01157065; ClinicalTrials.gov NCT01603043). Apellis Pharmaceuticals acquired the technology from Potentia and is developing this compstatin analog (as APL-1) and a long-acting PEGylated derivative (APL-2) for various indications, including AMD, chronic obstructive pulmonary disease (COPD) and PNH (ClinicalTrials.gov NCT02264639). At the same time, next-generation compstatin analogs have been licensed to Amyndas Pharmaceuticals, which is developing AMY-101 for ABO-incompatible kidney transplantation and PNH. AMY-101 is based on the compstatin analog Cp40, which showed a 6000-fold increased target-binding affinity over original compstatin as well as pharmacokinetic profiles suitable for systemic administration ; parenteral, topical and oral formulations of the compound are currently being evaluated. Cp40 showed promising results in preclinical studies of PNH, periodontal disease, hemodialysis-induced inflammation, and C3 glomerulopathies (Maekawa et al., 2014; Reis et al., 2014; Risitano et al., 2014; Zhang et al., 2015) . Amyndas is expected to start clinical trials with AMY-101 in ABO-incompatible kidney transplantation and PNH in 2015/2016.
An alternative strategy to interfering at the level of native C3 is to remove it from the equation via selective depletion. This concept stems from the discovery of cobra venom factor (CVF), a structural homolog of C3b/C3c found in the venom of certain cobra species, which forms exceptionally stable convertases that consume circulating C3. Although this depletion results in the generation of effector molecules (C3a, C3b) in solution, adverse inflammatory reactions appear low in the variants that are not also acting as a C5 convertase to generate C5a (Vogel et al., 2014) . CVF has shown efficacy in various disease models, including transplant rejection in NHP, and a humanized form of CVF had been developed by InCode (Vogel et al., 2014) . However, no plans for clinical development of CVF-based therapeutics have been announced. The concept of selective C3 depletion has recently been taken up by Catalyst Biosciences, which specializes in engineered human proteases (Craik et al., 2011) . Although no details have been disclosed, Catalyst's anti-C3 protease technology appears to be capable of rapidly inactivating C3 in vivo. Catalyst lists AMD and ischemia-reperfusion injury as indications, with one lead candidate (CB 2782) entering preclinical development for delayed graft function after kidney transplantation.
Control of convertase formation
The formation of the AP C3 convertase relies critically on the coordinated interaction of C3b, FB and FD (Forneris et al., 2010) . Therapeutic blockage of any of these components can therefore be effective in controlling AP-mediated complement activation and amplification. Indeed, several antibodies have been identified that tightly bind to C3b and impair convertase formation. For example, the phage-derived antibody S77 (Genentech) has been shown to bind to an epitope in the MG7 domain of C3b (but not C3) that also harbors part of the FB binding site, therefore preventing assembly of the C3bB pro-convertase (Katschke et al., 2009 ). S77 efficiently inhibited AP-mediated hemolysis in human serum but not in samples from other tested species, including several NHP (Katschke et al., 2009 ). The murine antibody 3E7 and its chimeric-deimmunized version H17 are another prominent example of blockage at the level of C3b (DiLillo et al., 2006) . Like S77, these monoclonal antibodies (mAbs) block the interaction with FB, which was recently explained by studies showing that mAb H17 binds to the MG6/7 region of C3b (DiLillo et al., 2006; PaixaoCavalcante et al., 2014) . These antibodies have shown promising results in in vitro models of PNH and DDD; an interesting finding in the latter case was that mAb H17 can bind to preformed C3 convertases stabilized by C3 nephritic factors, indicating that the inhibitory activity in this model comes partially from preventing C3 from binding to the convertase (Paixao-Cavalcante et al., 2014) . No clinical development programs appear to have been announced for these C3b antibodies. In the case of FB, a therapeutic antibody for the treatment of asthma and other inflammatory diseases has been developed by Taligen (TA-106); however, this antibody has not been evaluated in clinical trials since the acquisition of the program by Alexion.
Occupying a bottleneck function in the AP as a result of its essential role in the formation of the active convertase and its comparatively low plasma concentration (∼2 g/mL), FD moved early on into the spotlight of complement-targeted drug discovery. BCX-1470 (BioCryst), a small-molecule FD inhibitor, has been reported, but has been shown to also act potently on C1s of the CP. Achillion Pharmaceuticals recently provided the first public insight into their development program for small-molecule FD inhibitors Wiles et al., 2014) . One of their candidate drugs binds to FD with subnanomolar affinity, blocks access to the catalytic site, and potently inhibits AP-mediated complement activation Wiles et al., 2014) . This FD inhibitor was reported to have oral bioavailability, although a rather high oral dose of 100 mg/kg every 12 h was used to maintain inhibitory plasma levels in cynomolgus monkeys Wiles et al., 2014) . In a preclinical model of PNH, compound A inhibited hemolysis with an IC 50 of 25 nM; it also prevented the deposition of C3 activation fragments on rabbit erythrocytes . Achillion is expected to announce a lead candidate and initiate clinical development of their FD inhibitors in 2015.
Rather than interfering with the catalytic site of FD, the humanized antibody fragment lampalizumab (Genentech) binds to the exosite of FD that mediates the essential interaction with C3b-bound FB to form the AP C3 convertase (Forneris et al., 2010; Katschke et al., 2012) . Genentech is clinically developing lampalizumab as an intravitreal therapy for dry AMD. In phase 2 trials (ClinicalTrials.gov NCT01229215), lampalizumab reduced the progression of geographic atrophy by 20% in the treatment group and by 44% in a subpopulation that tested positive for factor I polymorphism (Holz et al., 2013) . Based on these promising results, Genentech is currently recruiting patients for phase 3 trials (ClinicalTrials.gov NCT02247479; ClinicalTrials.gov NCT02247531).
Another approach to influencing the assembly and stability of the AP C3 convertases is the blockage of properdin (Lesher et al., 2013a,b) . This oligomeric glycoprotein has long been known to stabilize the C3bBb complex and extend its activity, but it has also been connected with inducing AP activation by binding to cell surfaces and recruiting C3b. The involvement of properdin in APmediated pathologies appears to be complex, and rodent studies have revealed distinct roles in models of arthritis, tissue injury, and C3 glomerulopathy, among others (sometimes in concert with the impairment of other regulators) (Lesher et al., 2013a,b; Ruseva et al., 2013) . Therapeutic inhibition of properdin has had beneficial effects in hemolysis, arthritis and ischemia-reperfusion injury models (Kimura et al., 2010; Miwa et al., 2013; Pauly et al., 2014) , and anti-properdin antibodies are in development.
Supporting the breakdown cycle
On human cells, regulators of complement activation (RCA) control the formation and activity of C3 convertases, either by destabilizing the complexes or enabling the FI-mediated degradation of C3b and iC3b. Whereas CD35, CD46, and CD55 are membrane-bound, factor H (FH) controls AP activation in solution and also supports its regulation on cells by recognizing selfsurface patterns such as glycosaminoglycans. In many diseases, a loss of RCA expression, binding, or activity (e.g., because of polymorphisms) drives complement-mediated complications (Ricklin and Lambris, 2013a,b,c) . Topping off physiological regulators with purified or recombinant forms has therefore been considered a promising concept for controlling excessive complement activity.
As the most versatile RCA, controlling both the CP/LP and AP convertases and being the only regulator mediating opsonin degradation down to C3dg, CD35 (complement receptor 1; CR1) was selected early on as a clinical candidate. Originally developed as TP10 and evaluated in cardiopulmonary bypass surgery settings (Lazar et al., 2007; Li et al., 2006) , the extracellular part of CR1 (CDX-1135; Celldex) has more recently been evaluated in a phase 1 safety/efficacy trial for DDD (ClinicalTrials.gov NCT01791686). One caveat with this approach is the large size of the protein (240 kDa), which likely adversely affects production and cost. The same is true for purified or recombinant FH (150 kDa), which has been considered as a therapeutic but not yet evaluated in clinical trials. Facilitated by the modular architecture of the RCA, smaller engineered regulators have therefore gained traction in recent years.
In most cases, the regulatory domains of FH have been combined with a targeting entity to direct the regulators to sites of ongoing complement activation (see specialized reviews for more information) (Holers et al., 2013; Ricklin and Lambris, 2013a,b,c) . In model systems, this targeting approach has been shown to result in an increased level of selectivity (Atkinson et al., 2005) . In the case of TT30 (Alexion), targeting is achieved by including domains of complement receptor 2 (CR2; CD21) that recognize iC3b and C3dg, which typically accumulate on host cells under complement attack (Fridkis-Hareli et al., 2011) . TT30 has shown promise in models of PNH, controlling both intravascular hemolysis and opsonization (Risitano et al., 2012) . Phase 1 trials were initiated by Alexion but not completed (ClinicalTrials.gov NCT01335165), and no plans for clinical development have been announced. Mini-FH follows a similar route but utilizes the C-terminal self cell-recognition domains of FH itself to target the inhibitor. Despite a 70% reduction of the size when compared to full-length FH, the mini-FH form showed a higher efficacy than that of FH in a PNH model with patient-derived PNH erythrocytes (Schmidt et al., 2013) .
RCA constructs have also been directly tethered to surfaces in order to protect them from complement attack. Mirococept, containing three regulatory domains of CR1 and a membranebinding entity, has been used to perfuse kidney transplants and has shown positive effects on allograft function in clinical pilot studies (Sacks et al., 2013) ; phase 2b trials are currently initiated (Medical Research Council, 2015) . An alternative approach is to recruit FH from the circulation to a material or cell surface. For example, the peptide 5C6 is able to specifically bind FH and protect coated surfaces from complement attack (Wu et al., 2011) . In cell-based models of transplantation, 5C6 coating has been shown to reduce complement activation and the generation of anaphylatoxins (Nilsson et al., 2013 ).
An interesting alternative to using regulators for enhancing the C3b breakdown cycle is treatment with exogenous factor I (FI), which mediates the degradation of C3 opsonins. Although not being cell-targeted or acting on convertase stability, recombinant FI may offer some specific advantages of its own (Lachmann, 2009; Lay et al., 2014) . Like FD in the C3 activation process, FI has a bottleneck function in the breakdown cycle because of its rather low plasma concentration (∼35 g/mL). In addition, and in contrast to FH-based regulators, FI also enhances the CR1-mediated degradation of opsonins to the C3dg stage, thereby avoiding the biological activities of iC3b that are mediated by the integrin receptors CR3 and CR4 (Lachmann, 2009) . In a recent in vitro study, recombinant FI (GlaxoSmithKline) showed high activity in sera from individuals carrying combinations of disease-related polymorphisms in C3, FB, and FH, thereby supporting a potential use for this factor in AMD or other age-related inflammatory diseases (Lay et al., 2014 ). It will be important to evaluate the effects of FI therapy, and the associated generation of large amounts of complement fragments, using in vivo models.
Chances and challenges on the way to the clinic
Despite the apparent advantages of C3-targeted inhibition in various indications, and the steady progress being made in developing new clinical candidates, therapeutic complement inhibition at the level of C3 remains controversial. Skeptical voices primarily raise concerns about the technical feasibility of the approach or potential adverse consequences of blocking a central step of a host defense system. However, as delineated below, these concerns are not always supported by actual clinical experience and need to be viewed in the appropriate context.
On the technical side, the high plasma concentrations and/or rapid metabolic turnover of several components in the C3 activation cycle, particularly C3 (Alper and Rosen, 1967) , may impose demands on inhibitor doses and administration frequencies. However, these potential limitations largely depend on the exact target, inhibitor, and type of treatment (e.g., local versus systemic) and may be addressed by carefully selecting the site and route of administration. For example, the anti-FD antibody lampalizumab was shown to have only transient activity after systemic (intravenous) administration, but it efficiently blocked local complement activation in the retinal tissue for several days after intravitreal injection (Loyet et al., 2014) . In the case of the compstatin family, the tight binding of recent analogs such as Cp40/AMY-101 to the abundant plasma protein C3 contributes to an exceptionally long terminal half-life, exceeding that of typical peptide drugs (Mastellos et al., 2015) . By employing the depot effect of subcutaneous administration, doses as low as 1 mg/kg every 12 h were shown to maintain target-saturating Cp40 levels in NHP . In addition to a modulation of the pharmacokinetic properties by means of PEGylation or albumin-binding entities Risitano et al., 2014) , even an adjustment of the dose and formulation may extend the injection frequency to a single daily dose (Lambris and Ricklin, unpublished observations), thereby rendering therapeutic options such as patient self-administration in PNH or DDD increasingly realistic. Finally, it is not yet clear whether C3 inhibition needs to be complete or continuous in all indications. In a NHP model of hemodialysis, for example, a single bolus injection of compstatin Cp40 was sufficient to suppress filter-induced complement activation during the entire HD session . These and other examples, such as the oral administration of Achillion's FD inhibitor mentioned above , show that treatment at the C3 level may have its technical challenges but can certainly be accomplished successfully.
In contrast to these technical aspects, the question about the safety of C3-targeted complement inhibition is more difficult to assess because of the lack of sufficient clinical experience. Discussions for and against such an approach therefore remain largely hypothetical. Arguments emphasizing the potential dangers of therapeutically inhibiting C3 activation are mainly based on the clinical observation of patients with primary C3 deficiencies. Most of these patients show increased susceptibility to certain pyogenic infections (Botto et al., 2009; Grumach and Kirschfink, 2014; Reis et al., 2006) , which may be explained by the reduction in opsonization and the loss of MAC-mediated lysis. However, this susceptibility to recurrent infection is strongest in the early stages of life and typically subsides once patients reach adulthood, indicating that the contribution of complement to antimicrobial defense becomes less prominent after the maturation of the immune system (Botto et al., 2009) . It is also not clear to what extent microbial killing relies on MAC formation; recent studies using the C5 inhibitor OmCI revealed that even for Gram-negative 'serum-sensitive' bacteria, there are other factors in serum besides complement that mediate bacterial killing (Berends et al., 2015) . Moreover, because C3 plays important roles in shaping immunity during development (Botto et al., 2009) , it is difficult to judge to what extent an altered "immune baseline" in C3-deficient individuals would influence clinical consequences. Most importantly, however, C3-targeted therapy is reversible and can be interrupted in the case of adverse events such as infection. In this context, the high synthesis rate of C3 may prove advantageous for quickly restoring protective levels of active C3.
Despite these considerations, the potential risk of infection needs to be minimized and controlled during the clinical development and evaluation of C3 inhibitors. In addition to meningococcal vaccines, which are already successfully used as standard prophylaxis during anti-C5 therapy (Hillmen et al., 2013) , vaccinations against pneumococci and Haemophilus influenzae may be considered. Inclusion of a reserve antibiotic might further strengthen antimicrobial control. The mode of treatment will also largely influence the risk assessment, with different considerations needing to be made for systemic and local applications. A striking example in this context is the effect of C3 inhibition in periodontitis, which is considered an infectious disease; in a recent NHP study, local administration of compstatin Cp40 was able to reduce inflammation and bone loss in the teeth by shifting microbial dysbiosis (Maekawa et al., 2014) .
Although immune complex-mediated inflammation or even "auto-immune diseases" are occasionally mentioned as potential risks of C3-targeted therapy, these associations have to be reassessed very critically. While C3 is indeed involved in the clearance of immune complexes, clinical signs of immune complex diseases have so far only been described in very few cases among C3-deficient patients and it is likely that other factors may determine the incidence (Botto et al., 2009) . Importantly, and in contrast to a lack in CP components such as C4 and C1q, patients deficient in C3 deficiency are not commonly predisposed to autoimmune diseases. In fact, recent insight from cell-based studies in mice suggest that C3 deficiency may even protect from autoimmunity by affecting both the trafficking of apoptotic cargo in dendritic cells and the shaping of optimal T cell responses (Baudino et al., 2014; Scott and Botto, 2016) .
As with every therapy, risks and adverse effects need to be carefully evaluated and taken into consideration when weighing the benefits of individual indications. At the same time, the potential adverse effects and technical limitations increasingly appear manageable, thereby bringing C3-targeted therapies closer to the clinic. The clinical trials planned for various compounds acting at the level of C3 will be essential for finally gaining real clinical experience and directing discussions about possibilities and challenges. Owing to the promise this strategy holds for many indications, the progress and creativity in the development of C3-targeted drugs is exciting to observe and fuels the hope that the arsenal of therapeutics to treat complement-related disorders will continue to grow. 
